Objective-To determine the incidence of HIV dementia and opportunistic brain disease in AIDS relative to the use of licensed antiretoviral medication (zidovudine, zalcitabine, didanosine, and stavudine). Method-Medical records were evaluated retrospectively in a longitudinal cohort of 1109 patients with AIDS during the period 1991-4. Treatment groups were defined by start and duration of zidovudine treatment, the drugs used most often during this period were: (a) no zidovudine, (b) zidovudine before AIDS, (c) zidovudine before and after AIDS, and (d) zidovudine used in AIDS. Main outcome measures were cumulative incidence and survival from AIDS to onset of HIV dementia, progressive multifocal leukoencephalopathy (PML), cerebral toxoplasmosis, and primary CNS lymphoma. Results-Risk of brain disease including HIV dementia and opportunistic brain disease was reduced in patients who started zidovudine before AIDS and continued in AIDS (relative risk (RR) 0.55, 95% confidence interval (95% CI) 0.36-0.84) as well as zidovudine initiated in AIDS (RR 0.27, 95% CI 0.17-0.45) compared with untreated subjects. Treatment eVects were not constant over time, decreasing by 14%-32% for each six months of follow up. This was supported by unadjusted incidences across groups stratified by duration of zidovudine use, indicating reduced risk with treatment for up to 18 months but not with longer duration of use of zidovudine. Other antiretroviral drugs had no significant eVect, although these were used by only 14% of patients in this cohort. Conclusion-The time limited but eVective neuroprotection oVered by zidovudine monotherapy for <18 months suggests that non-specific mechanisms of cerebral immunological defence may benefit from antiretroviral treatment. Due to the limitations of a retrospective study these findings require confirmation and further investigation in the context of current combination drug treatments. (J Neurol Neurosurg Psychiatry 1998;65:34-41) 
Neurological diseases aVecting the brain during the late stages of HIV infection cause considerable morbidity and are associated with a poor prognosis. These late complications can be due to diVuse HIV related pathology such as in HIV dementia (also called AIDS dementia complex, HIV-1 associated cognitive/motor complex) or due to focal lesions caused by opportunistic pathogens. The group of opportunistic brain diseases consists mainly of progressive multifocal leukoencephalopathy, cerebral toxoplasmosis, and primary CNS lymphoma. Recent comprehensive reviews on diagnosis and treatment of neurological complications in HIV-1 infection have been reported.
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Research into possible neuroprophylactic eVects of antiretroviral treatment has focused on direct pathology related to HIV, in particular, HIV dementia. An earlier report suggested an association between the introduction of zidovudine treatment and a decline in the incidence of HIV dementia. 3 However, the analysis of short term eVects of antiretroviral medication in a prospective cohort did not support a neuroprotective role of zidovudine in either HIV dementia or opportunistic brain disease. 4 The possibility of long term eVects was not considered in this analysis. Although this issue has remained controversial, recent research focused on the development of adjuvant treatments for HIV dementia. However, these are still under development and the CNS eYcacy of new antiretroviral drugs has not yet been tested for the brain. We therefore attempted to establish whether the use of currently licensed antiretroviral drugs such as zidovudine (AZT), zalcitabine (ddC), didanosine (ddI), and stavudine (d4T) have had an impact on the incidence of brain disease in a large cohort of patients with AIDS.
Due to uncertainty about the optimal time for initiation of drug therapy, patterns of antiretroviral treatment varied between patients, including preparation, dosage, time of initiation, and duration of treatment. Although many patients opted not to use antiretroviral medication, others received treatment of variable duration at diVerent stages of infection. A retrospective analysis during the period 1991-4 was therefore conducted to establish whether any of these treatment patterns was eVective in reducing the burden of HIV dementia and opportunistic brain disease in patients with AIDS.
Subjects and methods
A longitudinal survey was conducted in a cohort of patients with AIDS who were cared for at the St Stephen's Centre, Chelsea and Westminster Hospital, London, from 1 January 1991 to 31 December 1994.
IDENTIFICATION OF CASES
A total of 1517 patients with an AIDS defining illness between 1 January 1990 and 31 December 1994 were identified from a central database. Firstly, presumptive cases of HIV dementia were identified in three ways: (a) by interrogating the central database, (b) by approaching the medical and nursing team involved in the care of each AIDS patient to establish whether cognitive impairment was diagnosed or suspected, and (c) from the medical records of the Mental Health Centre to identify patients referred to the clinical service. Medical notes of all presumptive cases were then examined in more detail to establish whether or not they met the World Health Organisation (WHO) criteria for HIV dementia. 5 Evidence for decline in memory and intellectual abilities had to be present for at least one month, and other aetiological factors were excluded. All cases were classified in one of three categories: (a) no brain impairment, (b) HIV dementia, and (c) other neurological or psychiatric disorders. Because information about neurological disorders aVecting meninges, peripheral nervous system, and muscle were not systematically reported in the database only cases of progressive multifocal leukoencephalopathy, cerebral toxoplasmosis, and primary CNS lymphoma were considered for analysis. Neurological diagnosis and treatment were carried out by specialised physicians and neurologists.
For 395 cases, case notes were re-examined by three investigators blinded to the original classification. This included all cases with suspected HIV dementia, for which the diagnoses were confirmed in 87% of cases. When discrepancies were found, a consensus was sought between all clinicians involved.
CLINICAL, LABORATORY, AND TREATMENT DATA
The following data were retrieved from the central database for all 1517 cases of AIDS: transmission or risk group, sex, date of birth, date of last clinic visit, or death as appropriate, dates, and types of all AIDS defining illnesses. All consecutive measurements of CD4, CD8 T-lymphocyte counts, haemoglobin, weight, and the corresponding dates were also obtained. For prescription based antiretroviral drugs zidovudine, zalcitabine, didanosine, and stavudine in all available formulations the dates and doses of first and last prescription before permanent discontinuation were retrieved from the central pharmacy database. EXCLUSION 
CRITERIA
Patients who had less than two visits to the local clinic were excluded from all subsequent analyses. Furthermore, information was sought from the local and central Medical Research Council clinical trials oYces for all patients who had participated in a clinical study with antiretroviral drugs. Because complete unblinded treatment information was impossible to obtain in many such cases all trial participants were also excluded from the analysis. Thus the total number of cases used in the analysis was reduced from 1517 to 1109.
Due to the clinical practice to start zidovudine in patients with progressing cognitive decline a considerable overlap between start of treatment and diagnosis of HIV dementia was expected. We therefore established the dates of diagnosis or onset of symptoms for patients with brain disease. Thus only patients for whom dates of diagnosis could be reliably established from the medical notes (162 out of 195) were included in the analysis as described below. Furthermore, patients who started their first zidovudine treatment only after diagnosis of brain disease were regarded as having no previous zidovudine use in the analysis.
DEFINITION OF DIAGNOSTIC AND TREATMENT

GROUPS
The following research diagnostic groups were defined: (a) no brain impairment, (b) HIV dementia, (c) opportunistic brain disease including progressive multifocal leukoencephalopathy, toxoplasmosis, and primary CNS lymphoma. The most commonly prescribed antiretroviral drug during the period 1991-4 was zidovudine, used by 706/1109 (64%) of the cohort. In 153 (14%) patients other drugs were used: zalcitabine in 125, didanosine in 10, and stavudine in 11. Only 38 of those patients had not used zidovudine. The main analysis of eVects of treatments will therefore be confined to the following zidovudine treatment groups defined by start and end of treatment relative to AIDS diagnosis.
Group 1
No zidovudine use or discontinued after one week (no zidovudine).
Group 2
Zidovudine used only before AIDS (zidovudine before AIDS).
Group 3
Zidovudine used before and after first AIDS diagnosis (zidovudine before and after AIDS).
Group 4 Zidovudine used only in AIDS (zidovudine in AIDS).
The use of other antiretroviral drugs (didanosine, zalcitabine, stavudine) was included in the analysis as reported later. The mean times for start and end of zidovudine treatment across treatment groups were (weeks (95% confidence interval (95% CI))), for group 2: start 105 (96-115) and end 42 (35-49) weeks before AIDS; for group 3: start 74 (67-81) weeks before AIDS and end 50 (45-55) weeks after AIDS; and for group 4: start 39 (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) weeks and end 106 (97-116) weeks after AIDS. The zidovudine treatment groups also diVered in CD4 counts at the time of AIDs diagnosis, with those patients treated before AIDS showing lower counts (mean in cells/10l -9 (95% CI): 66 (52-80), 95 (81-109), for groups 2 and 3, respectively) than untreated patients (118 (100-136), 147 (128-166), for groups 1 and 4, respectively).
Also zidovudine treatment strata were defined according to duration of treatment and were derived from quartiles of total times from initiation until permanent discontinuation of zidovudine treatment: (a) no zidovudine, (b) zidovudine <6 months, (c) zidovudine 6-18 months, (d) zidovudine >18-30 months, (e) zidovudine >30 months. Although the duration of treatment cannot be separated from survival time, long term treatment was in fact more closely associated with early initiation of treatment rather than very long AIDS survival time. Most short to medium term treatment (<6 months, 6-18 months) was initiated in AIDS (65% and 52%, respectively), whereas long term treatment (18-30 months and >30 months) was predominantly initiated before AIDS (68% and 69% respectively).
ESTIMATION OF ONSET OF BRAIN DISEASE
As well as survival time from AIDS until onset of brain disease a second estimate was derived from the point when consecutive CD4 counts for the first time dropped below the threshold of 200 cells/µl (CD4<200). This point was taken as the baseline for the second outcome measure "time from CD4<200 to onset of brain disease". This measure could be determined for 785 patients out of 914 with available CD4 counts at AIDS.
STATISTICAL ANALYSIS
For comparison of demographic and laboratory data 2 statistics and analysis of variance (ANOVA) were used with diagnostic and treatment group as between subjects factors. All p values are two sided with 95% CIs. To adjust for diVerences in immunological status at baseline and to control for multiple demographic and clinical factors Cox's regression analysis was applied to the survival times until the onset of brain disease. Time dependent covariates for treatment eVects were used because development of viral resistance may limit the drug eVects over time. This time dependent variable was computed in six month intervals. For patients without brain impairment (censored cases) the time until death or last observation was entered into the calculation. Survival times until onset of brain disease were computed in two diVerent ways; firstly, survival from AIDS, and secondly, survival from CD4<200. The following independent variables were included in the model: age, zidovudine treatment group (no zidovudine, zidovudine before AIDS, zidovudine before and after AIDS, zidovudine after AIDS) and use of other antiretroviral drugs (either didanosine, zalcitabine, or stavudine). Separate analyses were computed including CD4 counts at AIDS diagnosis as a covariate. Relative risk (RR) was computed with reference to the no zidovudine group or stratum. Separate analyses were computed for HIV dementia, opportunistic brain disease, and for both groups combined (total brain disease). Also unadjusted incidences and corresponding RRs were computed. Survival plots were obtained by KaplanMeier analysis and compared by log-rank test. When CD4 count at AIDS diagnosis was included in the model reduced risk was found with zidovudine use initiated before AIDS and continued in AIDS (RR 0.55, 95%CI 0.36-0.84) as well as zidovudine initiated in AIDS (RR 0.27, 95% CI 0.17-0.45). Also lower CD4 count at AIDS and older age were independent predictors. The same treatment variables were significant when separate analyses were computed for HIV dementia and opportunistic brain disease (table 3) , however older age was only predictive of HIV dementia. These findings are supported by a separate analysis based on survival from drop in consecutive CD4 counts below the 200 mark (CD4<200) to onset of brain disease (fig 2) . Zidovudine use in all three treatment groups was associated with prolonged survival free of brain disease (table 4). As treatment seemed to have an eVect that was not constant over time of follow up unadjusted incidences and RRs were computed across groups stratified for duration of zidovudine use (table 5) . For HIV dementia zidovudine use for a duration of six to 18 months was associated with reduced risk, whereas treatment duration shorter than six months and longer than 18 months had no significant eVect. For the combined group of opportunistic brain diseases zidovudine treatment for up to 18 months showed a similar time limited eVect. Because duration of treatment may be determined by survival time a further Cox's regression analysis was computed for onset of total brain disease, which used CD4 count, zidovudine treatment strata, and AIDS survival as covariates. Seventy per cent of patients with progressive multifocal leukoencephalopathy, 53% of cases with toxoplasmosis, and 50% patients with lymphoma had not used zidovudine, compared with 35% in the unimpaired group. The corresponding RRs in zidovudine treated (combined groups 2-4) compared with untreated patients (group 1) amounted to 0.23 (95% CI 0.06-0.90) for progressive multifocal leukoencephalopathy, 0.49 (95% CI 0.30-0.78) for toxoplasmosis, and 0.54 (95% CI 0.22-1.32) for lymphoma. The estimated RRs associated with zidovudine use for <18 months and >18 months respectively, were as follows: for progressive multifocal leukoencephalopathy 0.14 (95% CI 0.02-1.14), and 0.36 (95% CI 0.07-1.72); for toxoplasmosis 0.41 (95% CI 0.23-0.75) and 0.59 (95% CI 0.33-1.05); and for lymphoma 0.29 (95% CI 0.08-1.07) and 0.87 (95% CI 0.33-2.32).
Results
CHARACTERISTICS OF THE RESEARCH DIAGNOSTIC
GROUPS
CD4 count at onset of brain disease
To determine whether the apparent neuroprotective eVect of zidovudine was mediated through its eVect on systemic immunity CD4 counts at the onset of brain disease were compared between diagnostic groups and zidovudine treatment strata with ANOVA. The CD4 counts at the onset of brain impairment were lower in patients treated with zidovudine for <18 months (28 cells/µl, 95% CI 16-40) compared with untreated patients (68 cells/µl, 95% CI 42-94) and those treated for 18 months or longer (58 cells/µl, 95% CI 42-75; F(2,144)=3.26, p=0.041). This eVect was not diVerent between the HIV dementia and opportunistic brain disease groups (F(1,144)=0.32, NS).
Discussion
LIMITATIONS OF THE STUDY
This retrospective, observational study is clearly limited in generalisation of the finding of reduced incidence of HIV related brain disease relative to zidovudine treatment to other populations. No information on compliance and continuity of antiretroviral treatment and no data on use of antibacterial prophylaxis were available. Furthermore, the estimated cumulative incidence of brain disease of 17.6% in this cohort clearly underestimates the true incidence because other brain disorders such as vacuolar myelopathy, cryptococcal meningitis, and cytomegalovirus (CMV) encephalitis were not considered. The large unselected study population, however, included most patients with AIDS attending a specialised centre of HIV medicine over a period 1991-4 with exclusion only of participants in clinical trials with antiretroviral drugs. Detailed information on use of licensed antiretroviral drugs, laboratory markers, and clinical history were carefully reviewed.
ZIDOVUDINE TREATMENT AND BRAIN DISEASE
The eVect of zidovudine on incidence of HIV dementia confirms previous reports. 6 7 To find an even larger eVect on incidence of opportunistic brain disease, however, was unexpected and will be discussed in more detail later. 
HIV dementia
The increased risk of HIV dementia with older age and the finding of lower haemoglobin values at the onset of symptoms confirm data from the muticentre AIDS cohort study. 8 By contrast with that study, however, zidovudine use for a period of six to 18 months was associated with a reduced risk of HIV dementia, whereas treatment for longer than for 18 months was not beneficial. This finding is in agreement with a recent multicentre study in Europe which also reported a lower incidence of HIV dementia with treatment for less than 18 months but no eVect with longer duration of zidovudine use. 9 The lack of prophylactic eVects with less than six months of treatment is compatible with an earlier finding that deficits in neuropsychological performance in patients with AIDS were only improved when zidovudine use was continued for a prolonged period. 10 Several neuropathological surveys reported a lower incidence of HIV multinucleated giant cell encephalitis in patients treated with zidovudine [11] [12] [13] [14] with the lowest incidence found after six to 12 months treatment. 15 The present study is also in agreement with previous evidence for neuroprotective properties of zidovudine from placebo controlled 16 17 and observational cohort studies. 10 Its use for treatment of HIV dementia has been supported by clinical findings 18 19 and by a placebo controlled study. 20 
Opportunistic brain disease
It cannot be ruled out that the lower risk in patients treated with zidovudine in this study is due to other therapeutic interventions. Although this is possible for cerebral toxoplasmosis, no prophylaxis is currently known for primary CNS lymphoma and progressive multifocal leukoencephalopathy.
Cerebral toxoplasmosis
Cerebral toxoplasmosis is the most frequent neurological opportunistic infection, thought to be due to reactivation of a previously acquired infection. It responds well to pyrimethamine/sulphadiazine combination treatment, which also confirms the diagnosis. Clyndamycin and pyrimethamine may also be beneficial. 21 Low dose trimethoprimsulphametoxazole seems to be an eVective prophylactic. 22 Another controlled study suggested dapsone combined with pyrimethamine for primary prophylaxis. 23 Apart from an earlier report, 24 which stressed the eYcacy of zidovudine in treating cerebral toxoplasmosis, two recent studies noted improved survival with toxoplasmosis after zidovudine treatment. 25 26 Primary CNS lymphoma Primary CNS lymphoma is the most common neoplasm of the brain in AIDS, the second most frequent CNS mass lesion in adults, and the most frequent one in children. 27 Its aetiology is thought to be due to Epstein-Barr virus infection. 28 Although the prognosis is generally poor, some patients respond to whole brain radiotherapy. 29 Antiviral drugs have no proved clinical role against Epstein-Barr virus infection except in patients with oral hairy leukoplakia. 30 There are nevertheless in vitro data showing potent inhibition by zidovudine and other anti-HIV nucleoside analogues of Epstein-Barr virus replication 31 32 and cell transformation induced by the virus. 33 34 Progressive multifocal leukoencephalopathy Progressive multifocal leukoencephalopathy is a demyelinating disease due to JC virus infection, a human papovavirus. 35 Interestingly, there are several case reports that indicate a clinical response to zidovudine treatment, [36] [37] [38] [39] [40] [41] and one that does not. 42 Simpson and Tagliati 1 also recommended high dose zidovudine for treatment of progressive multifocal leukoencephalopathy. It is particularly striking that 70% of progressive multifocal leukoencephalopathy cases in this study had not received any antiretroviral treatment. In summary, there is tentative evidence that antiretroviral treatment may be of benefit in prophylaxis of opportunistic brain diseases, a possibility that deserves further study. Furthermore, the fact that, similar to HIV dementia, treatment duration longer than 18 months was not eVective may indicate a common mechanism. The reason for such a time limited effect may be the development of drug resistance. Although direct assessment of viral load and zidovudine resistance was not available in this study the duration of zidovudine benefit is in agreement with other estimates. [43] [44] [45] Furthermore, if zidovudine would convey a more direct neuroprotective eVect a lower CD4 count at the onset of brain disease was predicted. This was the case for patients treated for less than 18 months, but not with longer treatment. In fact the development of zidovudine resistance in HIV-1 isolates from CSF does not seem to be independent from those in the peripheral blood. 46 Whether non-specific mechanisms of the brain's immunological defence 47 against diVerent viral and bacterial opportunistic agents may benefit from antiretroviral treatment has not yet been considered systematically. The results of this study are indeed compatible with this idea; however, the mechanisms of this apparent neuroprotection are not known. It is likely that several factors have played a part-such as reduction of viral load and modulation of the immunological response in the brain. 48 Positive eVects of zidovudine treatment on cerebral perfusion and metabolism have been documented. [49] [50] [51] In fact, recent studies have emphasised the crucial role of HIV infected cerebral endothelium and macrophage/ microglia for virus entry and spread into the brain. [52] [53] [54] [55] Use of other licensed antiretroviral drugs, including zalcitabine, didanosine, and stavudine, was not associated with a detectable reduction in incidence of brain disease, albeit used only by a few patients in this cohort. These drugs have not been evaluated for neurological eVects and show generally lower penetration into the CSF than zidovudine. 56 A controlled study in symptomatic patients who were intolerant of zidovudine concluded that didanosine did not prevent the development of HIV dementia. 57 Recently, however, an open label study provided preliminary evidence that atevirdine, a new non-nucleoside reverse transcriptase inhibitor, may be eVective in HIV dementia. 58 Altogether these data suggest that antiviral drugs which penetrate suYciently well into the brain are essential for eVective neuroprotection.
Unfortunately no eVective adjuvant treatments are available so far, which could interfere with the neuropathological process other than viral load. A small unpublished trial (ACTG 162) with nimodipine-a calcium channel blocker-did not show therapeutic eYcacy. 1 56 Despite the limitation of this study, data from this large cohort confirm prophylactic eVects of zidovudine against HIV dementia, and, for the first time, raise important questions about the possible role of antiretroviral drugs in prevention and treatment of opportunistic brain disease in AIDS. This finding requires confirmation and further study in the context of current combination drug treatment.
